Objective: to describe the incidence of dengue cases and associated costs in the period before and after the construction of the Jirau and Santo Antônio hydroelectric power plants (HPP), in Rondônia State, Brazil. Methods: economic evaluation study, based on data from the Notifiable Diseases Information System (SINAN) and the National Hospital Information System (SIH/SUS); dengue direct costs were calculated and segmented regression analysis was carried out. Results: dengue incidence mean was higher in the period after HPP construction (880.29/100,000 inhabitants) than before them (356.34/100,000 inhabitants) (p≤0.05); direct costs were estimated at US$3.47 million in the pre-construction period and US$7.1 million in the post-construction period. Conclusion: there was an increase in the incidence and direct costs of dengue after HPP construction; the environmental licensing process should include more detailed health impact assessments.
Introduction
In Brazil, the expansion of the electricity sector has provided many situations of direct or latent conflicts, in several communities, mainly in the Amazon Region. These conflicts are often related to the consequences of the construction of hydroelectric plants and high voltage transmission lines. 1 Among the main effects resulting from this expansion of the electricity sector, we can highlight (i) disordered population growth, (ii) reduction in the availability of hunting and fishing, (iii) reduction of arable lands, (iv) reallocation of communities to other regions, often accompanied by changes in their lifestyles, (v) flooding of large territories, (vi) invasion of indigenous lands1 and (vii) proliferation of vector mosquitoes, which may lead to increased incidence of malaria, dengue, yellow fever, leishmaniasis and other infectious diseases. 2 Notwithstanding the benefits that acceleration of growth can bring, it is essential to assess and monitor socio-environmental conditions in order to favor the evaluation and management of the environmental and health impacts resulting from these processes. 3 According to Brazilian legislation, any enterprise considered to be potential polluters must apply for Environmental Licensing for its location, installation and operation from the competent agency (federal, state or municipal). 4 The environmental licensing process includes the preparation of an environmental impact study and its respective environmental impact report (EIS-EIR). Although the institutionalization and compulsory requirement of EIS-EIR has been a milestone in the evolution of Brazilian environmentalism, there is still a need to include comprehensive assessments of health effects as part of the environmental licensing process. 5 In high-income countries, methodologies such as Health Impact Assessment (HIA), which can be conducted independently from or integrated with EIS, are adopted. When negative effects on human health are identified prior to project implementation, these impacts can be mitigated as much as possible and more efficiently. 6 In Brazil, with the exception of malaria, which has rules for analysis within environmental licensing, 7 no specific legislation or guidelines have been articulated for other health problems, e.g. for evaluation of dengue, yellow fever, Zika and leishmaniasis.
The literature on the costs of dengue in Brazil is recent and limited, often leading to conflicting results due to the differences in the cost of hospitalization and outpatient care among the public and private sectors. [8] [9] [10] [11] In a systematic review, Constenla et al. 12 concluded that the costs of dengue are substantial, with hospital care and productivity losses being the largest contributors to these costs. In the state of Rondônia, there was a significant increase in the incidence of dengue in the period from 1999 to 2010. 9 This growth may be related to the construction of hydroelectric plants and high voltage transmission lines. However, the costs of the disease were not studied considering the periods before and after this construction took place.
The objective of the present study was to describe the incidence of dengue and associated costs before 
Methods
This is an economic evaluation study. The cost considered in this study was based on the direct cost of dengue, taking into account the number of cases reported and hospital admissions recorded.
The state of Rondônia, located in the Northern region of Brazil, has a territorial extension of 237,765,293km² and 52 municipalities. The capital of the state and its most populous municipality is Porto Velho, with 428,527 inhabitants (data from the 2010 demographic census). The costs of dengue are substantial, with hospital care and productivity losses being the largest contributors to these costs.
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( Figure 1 ). The expected flooded area at Jirau HPP is 258km², whilst at Santo Antônio HPP it is 271km².
The incidence and number of hospitalizations owing to dengue were obtained from the Notifiable Diseases Information System(SINAN) and the National Hospital Information System (SIH/SUS).
In order to calculate the dengue incidence rate from 2000 to 2013, the totals of dengue cases reported on SINAN14 (ICD-10, A90) were used as numerators; the denominators (population sizes in each year) were obtained from the website of the Brazilian Institute of Geography and Statistics (IBGE). The dengue incidence rate was estimated per 100,000 inhabitants.
Segmented Regression was used to compare the periods before Several methods have been used to assess health costs associated with environmental impacts. In the present study, the gross costing method was used, which identifies the cost items at high level of aggregation, encompassing some of the most relevant cost components for the service analyzed. 17 The dengue cost approach considered direct costs of the disease for the health system, applying the average number of outpatient medical visits (Equation 3) to the number of cases; the mean cost of hospitalization in Brazilian National Health System (SUS) services in Rondônia was applied to cases that evolved to hospitalization (Equation 2).
Equation 2: total cost of hospitalization owing to dengue Ctid = vi*di*ni Where: Ctid = total cost of hospitalization owing to dengue vi = mean value of a daily hospitalization di = average number of days of hospitalization ni = number of hospitalizations owing to dengue
In this case study, the mean cost of hospitalization owing to dengue was BRL285.57 and average inpatient stay was three days (SIH/SUS data), amounts shown for Rondônia in 2016. The conversion of these values from Reais into US Dollars was performed on February 3 rd 2017 (US$ 1.00 = R$ 3.1235) In this case study, the mean cost of hospitalization owing to dengue was BRL285.57 and average inpatient stay was three days (SIH/SUS data), amounts shown for Rondônia in 2016. The conversion of these values from Reais into US Dollars was performed on February 3 rd 2017 (US$ 1.00 = R$ 3.1235) (Central Bank), resulting in an average cost of US$274.28 for three-day hospitalizations. As the costs of outpatient services are unavailable on SIH/SUS, the amount of direct costs as obtained by a study by Martelli et al. 11 were assumed. All reported cases had at least one outpatient medical visit (Equation 3) (Central Bank), resulting in an average cost of US$274.28 for three-day hospitalizations. As the costs of outpatient services are unavailable on SIH/ SUS, the amount of direct costs as obtained by a study by Martelli et al. 11 were assumed. All reported cases had at least one outpatient medical visit (Equation 3).
Equation 3: total direct cost of outpatient medical care for dengue Ctad = nd*va Where: Ctad = total cost of outpatient medical care for dengue nd = number of dengue cases va = mean value of the direct costs of outpatient medical care
Dengue-associated costs in Rondônia, Brazil Thus, the direct cost for dengue care provided by the public sector to the Northern region of the country was considered based on the unit amount of US$38.00,11 including medical visits, medications and examinations. 11 Finally, the total costs of health system expenditure owing to dengue were calculated as the sum of hospitalization costs and outpatient costs, as expressed in Equation 4:
Equation 4: total direct cost of health due to dengue CT = Ctid + Ctad Where: Ctid = total cost of hospitalization for dengue Ctad = total cost of outpatient medical care for dengue
The SPSS Statistics® version 21 was used for the analyses, and the significance level was set at p≤0.05.
The research project was approved by the Research Ethics Committee of the Federal University of São Paulo (UNIFESP) -Process No. 250.107 -on April 19 th , 2013.
Results
The results of the segmented regression analysis showed that between period 1 (2000 to 2008) and period 2 (2009 to 2013) there was a significant difference in the incidence rate of dengue (p <0.001), observed by the rupture in the graph between the years of 2008 and 2009 (Figure 2 ). In addition, there was a significant change in incidence rate curvature (β = -0.439; p <0.001), as can be seen in Figure 2 .
In Table 1 , it can be verified that the average annual number of dengue cases for period 1 (period before the beginning of construction works) was 5,470 cases (average incidence rate of 356 cases/100 thousand inhabitants), representing more than US$386,000 annually, and a total of some $3.47 million in the period. (Table 1 ). The average amount of direct costs, per reported dengue case, was approximately US$86.10. The mean number of hospitalizations also showed differences between the two periods: in period 1, this average represented about 650 hospitalizations, while in period 2, it increased to more than 3,100 cases (Table 1) .
Discussion
The present study presents the direct costs of dengue for the health system during 14 years in the state of Rondônia. It innovates by discussing costs and a possible association between dengue cases and population growth as a result of major infrastructure works, such as HPP construction on the Madeira River within the city limits of the state capital, Porto Velho.
The results indicated that, from 2000 to 2013, more than 122 thousand dengue cases were reported in Rondônia, with more than 21,000 hospitalizations, resulting in an estimated cost of US$10,569,845.84. This amount corresponds only to the direct costs subsidized by SUS and are considerably underestimated since they do not consider salary losses, absenteeism, reduction in the quality of life, incapacities, besides not including underreported cases. In Brazil, underreported cases of dengue are estimated to range from 16.9 to 26.7 times the number of reported cases. 18 The main limitation of this study is related to the method used, depending on the number of dengue cases recorded in a passive surveillance system (SINAN). In addition, the macro-accounting method is less sensitive than micro-accounting, because it does not use primary data to verify the cost of dengue. Also, it was not the purpose of this study to assess the indirect costs of the disease. In this way, the total costs for individuals were disregarded.
Direct costs in health services -as well as indirect costos -owing to dengue are not easily obtained and can vary significantly between studies. According to Vieira Machado et al., 10 the direct costs of hospitalizations owing to dengue in the private sector in 2010 were 280% higher than in public services. As a result, their average cost of hospitalization was US$740.10, with an average change in direct expenses ranging from US$ 428.70 in the public sector to US$1,003.50 in the private sector. In our study, the average cost considered per hospitalization was US$273.88, based on the amounts provided for the state of Rondônia. This average is lower than that reported in other studies, since the present study did not consider the values of hospital admissions at private hospitals, nor the Dengue-associated costs in Rondônia, Brazil indirect costs. 10, 19 In addition, the financial amounts transferred to public hospitals are often insufficient to meet to the real cost of an individual with dengue, especially in the most severe cases. 10, 11 In a study conducted in the municipality of Goiânia, capital of the state of Goiás, 19 the authors considered the direct and indirect costs of dengue cases, reaching an average of US$291 for outpatient cases and US$676 for hospitalizations. The same study found an average cost for each reported case of dengue of approximately US$351 in 2005. 19 However, the public and the private sectors usually present quite different costs for outpatient cases and hospitalizations. According to a micro-cost analysis performed in a Brazilian multicenter cohort study, the authors showed that outpatient direct costs ranged from $31 to $89 for the public sector and from $91 to $168 for the private sector. The direct cost of hospitalizations varied between US$198 and US$376 for the public sector and between US$318 and US$906 for the private sector among the regions studied (2013 data). 11 We can notice a difference in costs between the public and private sectors. This can lead to health institutions facing underpayments and losses, and can even compromise SUS sustainability. The annual national economic impact was US$164 million, from the public paymaster's perspective, but it could be as much as $447.00 million (adjusting for underreporting). rise, lack of infrastructure, population density growth, disorderly planning and accelerated urbanization. 20 According to the study by Struchiner et al., 21 population growth seems to play a more important role than temperature increase, considering the development of Aedes mosquitoes. Urbanization substantially increases density, larval development rate, and survival time of the adult mosquito. 22 This points to the negative impacts of urbanization and population growth in municipalities with little infrastructure. With the advent of the Growth Acceleration Program (PAC) in Rondônia, centered in Porto Velho in 2008 and 2009, the municipality and its surrounding areas suffered disorderly growth, overburdened health services and high population growth, suggesting that this factor may be associated with an increase in the number of dengue cases.
The construction of the Jirau and Santo Antônio HPPs has affected a wide range of health determinants. Analyzing the effects of population growth more deeply could lead to a more transparent economic assessment of the process. For example, the number of jobs that HPP construction has brought to the region is emphasized; however, the effects of the disorderly growth of the population in regions that lack infrastructure can result in serious health outcomes. 1 The increase in reported and confirmed dengue cases in Rondônia, from 2008 to 2010, was also found in a study by Lucena et al. 8 These authors confirm that reported dengue cases in 2008 were about 185.6% higher than in 2007. The predominant serotype was DENV-3, which was common in the region at that time. 8 This leads to a hypothesis: the disorderly growth of cities owing both to urbanization and to the jobs generated by the HPP construction works, may have attracted people who did not belong to that region and who were therefore not immune to the local circulating dengue serotypes. 8 This influx of people, not immune to this serotype, may have caused the high number of notifications in the years that followed, with a subsequent fall in the number of cases as the population acquired antibodies to that serotype. In addition, it is possible that the reintroduction of DENV-1 and DENV-2 serotypes occurred in Rondônia due to the large increase in dengue cases in ten municipalities in the state, which could also have affected dengue control in 2008. 23 The possible association of increased dengue incidence with the onset of the infrastructure projects referred to in this research is particularly important since SUS is burdened with the majority of health losses. The indication that the HPP entrepreneurs should be held accountable for having contributed significantly to the increase in dengue cases, due to disordered population growth, would facilitate the creation of effective ways of mitigating its effects on health, providing better living conditions for the population, as well as partial unburdening of the State and of health facilities in the region. Furthermore, given the fact that the dengue vector can also transmit Zika and chikungunya, 24 comprehensive analysis of health impacts like these using appropriate measures is of the utmost importance, , such as health impact assessment (HIA) as part of the environmental licensing process.
The HPP reservoirs themselves cause many environmental impacts: they eliminate natural ecosystems, but also block the migration of fish, affecting biodiversity and commercial production. In addition, they cause changes in flood patterns and may affect floodplain lakes and downstream fishing. 25 The construction of these power plants is believed to have brought thousands of jobs to the region, leading to intense population migration and increased income in the region. However, during the construction phase of a hydroelectric plant, while many workers are employed in the initial phases, during the operational phases of an HPP, the number of workers required decreases drastically, reaching less than 10% of the workforce initially contracted, which can have overwhelming effects in the region if measures are not taken to reallocate workers. 26 In Brazil, the only normative health analysis that must be considered in EIS-EIR for projects in the Amazon Region is their malarigenous potential. 7 Although it is a relevant factor, this analysis is extremely insufficient for obtaining a process HIA and it is likely that this negligence overloads the health system, thus implying a greater burden on the population and the government. It is known that HPP can increase mosquito proliferation, which is why several vectors must be considered in order to carry out mitigation measures, and not just the malarigenous potential of projects.
When issuing environmental licenses in Brazil, it is common practice to analyze health impacts superficially, 27 and there is a need to include more detailed forms of analysis, as proposed by several researchers. 5, 6, 28 Since there is no mandatory standard for the evaluation of health impacts, whether in national policies, projects or programs, the HIA methodology, applied in developed Dengue-associated costs in Rondônia, Brazil countries and which is even the subject of a national implementation guide published by the Brazilian Ministry of Health, 27 arises as a possible structured way of bringing together analysis, work in partnership, public consultation and the evidence available for better decision-making. 27, 29 Encouraging dialogue among the various stakeholders, the population and entrepreneurs and investors of the different economic sectors of the country or region, can result in joining efforts for the implementation of efficient mitigation policies. In this scenario, associating economic costs with health outcomes, such as an estimate of the total cost of the disease or the willingness to pay for a reduction of these effects, could represent a strategy for discussing and encouraging the inclusion of health in discussions and decisionmaking about this type of enterprise.30 Because this is a complex problem to solve, we recommend work in partnership, between entrepreneurs and the federal government, taking into account appropriate HIA tools, in order to intensify actions to prevent the population from being infected with diseases such as dengue.
